ABSTRACT
INTRODUCTION
Nowadays, there is a need for precise and reliable voltage and current measurements for electric power system security tasks. Devices and systems that control the security of the electric power system rely upon the measurement data. These data can be acquired with the help of different types of measurement devices (for example: traditional instrument transformers, electronic transformers or small signal instrument transformers). In general, these measurements can have very different forms, from voltage and current analogue signals to digital data in various formats. Such diversity makes it difficult to design new security systems. Therefore, a new device was developed called a merging unit, which performs a function of digital interface between measurement equipment and devices that require these measurements.
The data provided by the merging unit in the form of a standardized data format [5] may be used by several types of devices such as protection devices, power quality devices and other devices supporting the network operation. Each of these has its own, sometimes different, requirements for accuracy and precision of the provided data. Therefore, the accuracy classes should be defined and an appropriate test bench and test procedures for conformity testing should be given.
MERGING UNIT SYSTEM AND ACCURACY CLASS DEFINITIONS
The entire merging unit system ( Fig. 1) consists of measurement devices (instrument transformers), a measurement transmitting system and the processing device, or so called merging unit. The main task of the merging unit is to combine the different measurement types in one device, which can then produce a homogeneously defined digital data stream created from measured data synchronized with a GPS-Signal. The merging unit digital output data format is defined according to the IEC61850-9-2 standard and could be easily read by protection devices, power quality devices and other devices supporting the network operation. Fig. 1 Merging unit system scheme.
The entire accuracy error of the digital output consists of errors of the individual parts of the whole system. Generally, the overall error of the system can be calculated based on magnitude-phase characteristics of a current/voltage instrument transformer and the characteristic of the transmitting medium (cable). Additionally, digitalization and synchronization uncertainty impact the digital output accuracy and is considered in the analysis here.
The errors introduced by each element of the MU system can be a basis for a class assignation for each of the elements. These classes should be defined in such a way that allows the easy calculation of the overall merging unit system class. The system includes the instrument transformers, which are already standardized and have defined classes. Therefore, the classes for each elements are generalized from the standards [3] [4] of voltage and current instrument transformers (Tab. 1 and Tab. 2).
Tab. 1 and Tab. 2 show that the output class is dependent on two measurement parameters (angle difference and magnitude error). It is necessary to choose the worst case The magnitude error characteristic is a sum of attenuation characteristics of instrument transformer and transmitting system (e.g. cable). The magnitude characteristic uncertainty error is a consequence of the attenuation characteristic fluctuation (e.g. as temperature influence on an analogue device). The magnitude error characteristic is a constant characteristic. It is possible to calibrate it using digital or analog filters to achieve better accuracy and class. The phase displacement characteristic (δ P ) describes a phase delay of the analog part of the merging unit system (instrument transformers, transmitting system). It is characterized also by the uncertainty of the characteristic (δ C ) and can be calibrated (Fig. 3) . The total phase displacement includes the synchronization error, that comes from Pulse Per Second (PPS) uncertainty, which cannot be calibrated.
The total magnitude error calculation when no Merging Unit calibration occurs may be expressed by the equation:
When the Merging Unit calibration occurs: The method for calculating the overall phase displacement is similar to calculating the overall magnitude error and follows equation: -the quantization error Total device error (phase or magnitude) sets up the minimal class. The calibration can further improve the device class ( Fig. 2 and Fig. 3 ). The overall class of the Merging Unit can be expressed as:
INSTRUMENT TRANSFORMER CLASSES
The instrument transformer's classes are defined in [3] and [4] and may be freely used for the class calculation procedure described above.
CABLE IMPACT (TRANSMITTING SYSTEM)
There are two possible methods for the computation of the transmitting system classes. The first one consists of the calculation of magnitude and phase plots of a cable dependent on the length of a cable at a particular frequency working point, and it requires the cable model. (Fig. 4) In this paper the model of a cable is employed to visualize the impact of a cable on the system class (Fig. 4) . For simulation, cable parameters from Tab. 3 are used. Here, the unsymmetrical current magnitude change scenario is presented as an example of a static scenario. Fig. 8 and Fig. 9 show the magnitude error and phase displacement with respect to the magnitude change of sinusoidal wave. The stems on each error point, which is the average error value, indicate the standard deviation of the average error value. The graphs for each scenario can be a basis for the class assignation for the tested merging unit. 
CONCLUSIONS
The class assignation of the merging unit system depends on each of its parts. Also, the class definitions for all the parts should be given in such a way that allows an easy comparison of each part and a calculation of the overall class of the merging unit system. The proposal given in this paper shows that the class definition can be based upon the known class definition of the instrument transformers and can be employed for a class assignation of the transmitting system and to the merging unit itself. The scenarios for accuracy testing of the merging unit device can be a base for the class assignation. However, the scenarios deserve further investigation.
